Abstract: Sustainable use of waste materials may contribute to reducting negative environmental impact of non-decaying waste materials. The paper examined coconut shell (CS) and palm kernel shell (PKS) wastes for concrete production in construction industry. Experiments were conducted on concrete produced with CS and PKS wastes to determine their workability, compressive strength and density. Silt test, grading of aggregates, slump, compacting factor and compressive strength of concrete were carried out at the laboratory to determine the silt content, particle size distribution, workability and consistency of mix, compressive strength and density for concrete production. Three types of concrete mixes were prepared (a control mix, others consist of 20%, 40%, 60%, 80% and 100% replacement of crushed PKS and 20%, 40%, 60%, 80% and 100% replacement of crushed CS. Findings show that workability of CS and PKS concrete decreases when the replacement percentage of crushed CS and PKS increases. And it is similar for both compressive strength and density . Workability of CS and PKS concrete is lower than that of normal concrete (control mix). Compressive strength of CS concrete (7.88 Mpa to 19.29 Mpa) was found to be higher than that of PKS concrete (6.85 Mpa to 13.29 Mpa) for all the days. It implies that CS concrete is stronger than PKS concrete.
INTRODUCTION
Mass production of concrete for construction activities using conventional coarse aggregates, such as granite, reduces natural stone deposits and affects the environment, leading to ecological imbalance (Yeramala 2012) . Alternative waste materials and industrial waste products such as fly ash, bottom ash, recycled aggregates, foundry sand, china clay sand, crumb rubber, glass had been replaced with natural aggregates and the properties of the concretes produced investigated (Jones et al. 2012) . Kambli and Mathapati (2014) also posit that several researches have been conducted on waste materials such as rubber tyre, e-waste, coconut shell, blast furnace slag, waste plastic, demolished concrete constituents, and waste water for concrete production. Olanipekun et al. (2006) argues that coconut shells and agricultural by-products can also be used as aggregates in producing concrete. However, limited research has been conducted on mechanical properties of concrete with coconut shells as aggregates replacement (Gunasekaran and Kumar 2008) . The practical advantage of light weight aggregates concrete (LWAC) material and increasing demand as a construction material have contributed to its importance as structural material (Acheampong 2015) . The depletion of conventional aggregates source for construction materials in Ghana is increasing very rapidly and calls for conversion of CS and PKS waste products for concrete production.
LITERATURE REVIEW
The use of alternative materials as substitutes for natural aggregates will contribute to greener and more sustainable environment (Khalifa et al. 2009 ). Compressive strength of concrete is one of the utmost important and useful properties for concrete production. Common trend in concrete technology is to use compressive strength as a quantitative measure for other properties of hardened concrete (Shetty 2006) . Research conducted by Chandra and Berntsson (2002) has shown that lightweight aggregates are produced in a very wide range of densities, varying from 50 kg/m 3 for expanded perlite to 1čň000 kg/m3 for clinkers. With these aggregates and high range water reducers, it is possible to produce light weight aggregate concrete (LWAC) of 80 MPa cube compressive strength (Lim 2007) . Normal weight concrete (NWC) has a density of 2čň240 to 2čň400 kg/m 3 (Nawy 2008) . Heavy self-weight of the normal concrete makes it an uneconomical structural material compared to other lightweight aggregate concrete with low self-weight (Shanmugasundaram et al. 2010) . One distinguishing feature of LWAC is its lower density compared to NWC. Decrease in unit weight of light weight aggregate concrete (LWAC) is obtained by presence of voids, either in aggregates or in mortar or in interstices between the coarse aggregate particles (Neville and Brooks 2008) . The use of lightweight concrete permits greater design flexibility and substantial cost savings, reduced dead load, longer spans, better fire ratings, smaller sections, smaller sizes of structural members, less reinforcing steel, and reduced foundation costs (Chen and Liu, 2005) . Main constituents of concrete as indicated by Venkateshwara and Vishnukanth (2006) are cement/lime, fine aggregate, coarse aggregate and water. Variation in physical properties of several brands of Portland cement occur due to the variation in the amount of chemical constituents (Falah 2011) . Aggregate with undesirable properties cannot produce strong concrete, but the properties of aggregate greatly affect the durability and structural performance of concrete (Neville and Brooks 2011) . Strength of concrete is affected partly by the relative proportion of cement, fine and coarse aggregates (Alawode and Idowu 2012) . With the use of coconut shell as a replacement material in construction industry, indirectly reduces costs of production of concrete and disposal of waste (Gunasekaran et al. 2012) . Coconut shell is a potential material for development of new composite material in concrete mix design because of its high strength and modulus properties (Kambli and Mathapati 2014) . Compressive strength depends mainly on the properties and quality of cement paste and aggregates (Yazici and Sezer 2007) . Addition of water in excess will lead to cement paste becoming tin, and concrete will again be weak (Youssef and Moftah 2007) .
METHODOLOGY AND DATA ANALYSIS
Materials for the concrete cubes were obtained from Cape Coast consisting of coarse aggregates (crushed granite stone of maximum size 20 mm), Palm kernel shell (PKS) of maximum size 14 mm (partial replacement for stones), Coconut shell (CS) with 20 mm as maximum size (partial replacement for stones), Ordinary Portland Cement (GHACEM brand) and water (pipe bone water) using a mix ratio of 1:2:4 by volume with water/cement ratio of 0.55. Silt test, grading of aggregates, slump, compacting factor and compressive strength of concrete tests were carried out at the materials laboratory of Building Technology Department, Cape Coast Technical University. Concrete was mixed in drum mixer in accordance with ASTM C 192. The various concrete types were cast with mix ratio of 1:2:4 (cement, fine and coarse aggregates) using water cement ratio of 0.55 and were cast in 150 mm × 150 mm × 150 mm steel mould and compacted in three layers with a tamping rod. Ordinary Portland Cement (OPC) conformed to strength class 32.5R as specified in BS EN 197-1 was used as the binder. The sample was demounted after 24hours and cured in water for some required number of days. Clean water conforming to BS 1348-2 was used for mixing the materials and curing of the concrete samples was done in a curing tank at temperature of 30 ± 6 o C. Palm kernel shells were cleaned by weathering, boiling in water and washing with detergent (Shafigh et al. 2014) . Coconut shells (CS ) were then crushed to small particles sizes with 20 mm as maximum size and 6.30 mm as minimum size. The total test specimen consisted of 132 cubes of concrete product from ordinary concrete (cement, fine and stone) as the control, CS concrete (cement, fine, mixture of stone and CS) and PKS concrete (cement, fine, mixture of stone and PKS). Compressive strength test was based on early age of the concrete, seven (7) days, fourteen (14) days, twenty-one (21) days and twenty-eight (28) days respectively. The slump test was performed according to ASTM 143. The compressive strength of concrete was determined using 150 mm cubes prepared and tested according to BS 1881. Three cubes per each type of concrete were cast to determine the compressive strengths at various ages (days). The compressive strength was recorded based on the three samples and the average was presented as its results. Table 1 gives the results of the silt tests that were conducted. Sample 1 had 7.32% silt while samples 2 and 3 had 4.88% and 4.76% silt respectively. The average silt percentage for the three samples was 5.65%. It means that the amount of silt presented in the fine aggregates used within the range of 6%, which is acceptable by IS 2386-3 (1963).
RESULTS AND DISCUSSIONS

Silt Test
Sieve Analysis for Fine Aggregates
(Sand) Table 2 shows the sieve analysis for fine aggregates (sand) used in the experiment. Sand sample measuring 2.000 kg was sieved through 10 mm to 63 µm sieves. All samples passed through the 10 mm sieve and 0.017 kg, representing 0.85% retained on the 4.75 mm sieve. 0.073 kg representing 3.65% and 0.083 kg, representing 4.15% retained on the 2.36 mm and 2.00 mm sieves respectively. 32.10%, that is 0.642 kg was retained on the 1.18mm sieve while 0.731 kg, representing 36.55% retained on the 600 µm sieve. 0.288 kg, representing 14.40% retained on the 300 µm sieve whilst 0.131 kg, representing 6.55% retained on 150 µm sieve. 0.028 kg, representing 1.4% retained on the 63 µm sieve. The majority of the fine aggregate samples retained on the 600 µm sieve size. Table 3 shows the sieve analysis for the coarse aggregates (stones) used for the experiment. All the 20 mm coarse aggregates sample measuring 2.000 kg was sieved through the 37.5 mm to 5 mm sieves, 0.094 kg, representing 4.70% retained on the 28 mm sieve; 0.992 kg, representing 49.60% retained on the 20 mm sieve; 27.60%, that is 0.552 kg retained on the 14 mm whiles 0.260 kg, representing 13.00% retained on the 10 mm sieve. 0.046 kg, representing 2.30% retained on the 9.5 mm sieve whiles 0.053 kg, representing 2.56% retained on 6.3 mm sieve. 0.003 kg, representing 0.15% retained on the 5 mm sieve size. The majority of aggregate samples retained on the 20 mm sieve size. Table 4 shows the sieve analysis for the CS and PKS. Coarse aggregates sample measuring 1.000 kg was sieved through from 37.5 mm to 5 mm sieves. 0.084 kg of CS representing (8.4%) was retained on the 28 mm sieve and none for PKS; 0.525 kg of CS representing (52.5%) was retained on the 20 mm sieve and none for PKS; 21.1% of the CS, that is 0.211 kg was retained and 0.008 kg of PKS representing 0.8% was retained on the 14 mm whiles 0.129 kg representing 12.9% and 0.420 kg representing 42.0% was retained on the 10 mm sieve for CS and PKS respectively. 0.022 kg representing 2.2% and 0.051 kg representing 5.1% was retained on the 9.5 mm sieve for CS and PKS respectively whiles 0.029 kg representing 2.9% and 0.279 kg representing 27.9% retained on 6.3 mm sieve for CS and PKS respectively. 0.18 kg of PKS, representing 18% was retained on the 5 mm sieve size and none for CS. The majority of the aggregate samples retained on the 20 mm and 10 mm sieve size for CS and PKS respectively. Figure 2 shows the particle size distribution for stones, CS and PKS coarse aggregates according to BS 882 (1992). The stones and CS particle size almost behaved the same way (i.e. they fall below the lower limit). PKS falls above the upper limit indicating that the particles are very fine or small. It is due to crushing process of PKS from the palm oil site. In such case, all the aggregates had undersize grading and oversize grading, according to BS EN 12620 (2002) , they can however be used but the concrete will be difficult to pump because of danger of segregation (Neville and Brooks 2011) . 
Workability (Slump Test and Compacting
Factor Test)
The workability of CS and PKS concrete was determined by using slump and compaction factor test method. Results are presented in Table 5 and 6 respectively. It was observed that workability of concrete for CS and PKS concrete was low as compared to control specimen (normal concrete). The slump of CS concrete with water-cement ratio of 0.55 varied from 20 , 5 mm to 10 mm for CS (60%), 2 mm to 5 mm for CS (80%) and zero to 2 mm for CS(100%). For PKS concrete, it was observed that the slump flows within the range of 10 mm to 50 mm for PKS (20%), 15 mm to 35 mm for PKS (40%), 2 mm to 10 mm for PKS (60%), zero slump to 2 mm for PKS (80%) and zero slump for PKS (100%). All these show that the more the CS and PKS, the less the slump. Table 6 shows compacting factor test results for mix ratio of 1:2:4 and w/c ratio of 0.55 used. The average compacting factor calculated describes workability of concrete produced for the study. The control specimen had a medium workability while specimens with various percentage replacement of CS had workability ranging from very low to low. Almost all specimens with various percentage replacement of PKS had medium workability except specimens with 60% and 80% replacement of PKS had very low workability. Table 7 shows densities for various specimens conducted in the laboratory. It was observed that the control specimen had 2.445 kg/m 3 average density, CS concrete had average densities ranging from 1.706 kg/m 3 to 2.319 kg/m 3 and the amount of CS replacement in percentage has a direct relationship with the density of concrete. As the percentage of CS replacement increases, the density decreases. The higher percentage of CS replacements, the lighter the concrete becomes.
Density of Various Specimens
The average density of PKS concrete vary from 1.712 kg/m 3 to 2.237 kg/m 3 and percentage of PKS replacement in has a direct relationship with density of concrete. As percentages of PKS replacement in increases, the density decreases. The higher percentage of PKS replacement is, the lighter the concrete becomes. 
Compressive Strengths of Concrete
The relationship between average compressive strengths of concrete and age for all the specimens is shown in Table 8 . For all the various types of concrete, it was observed that compressive strengths of concrete increase faster with age until 28 days. From Table 8 , It was observed that the control (100%) was 74.20% higher than CS (100%) concrete and 77.58% higher than that of PKS (100%) at 28days. The compressive strengths of concrete achieved on the 28th day for CS (100%) and PKS (100%) It was seen that, the compressive strength of concrete for all the specimens increases as the age of concrete increases and this confirms the outcome of researches conducted on the compressive strengths of concrete. It was also observed that for CS and PKS concrete, as the percentage of replacement increases, compressive strength of the concrete decreases. The highest compressive strength of of both CS and PKS concrete was achieved when the replacement percentage is 20%. However, CS (20%) had higher average compressive strength than PKS (20% Figure 3 shows the comparison of average compressive strengths of the 100% control, 100% CS and 100% PKS concrete at 7 days, 14 days, 21 days and 28 days. It was observed that the control (100%) had average compressive strength of 24.60 MPa at 7days whilst CS (100%) and PKS (100%) at 7 days had 4.58 MPa and 2.81 MPa respectively. At 14days, the control (100%), CS (100%) and PKS (100%) had average compressive strengths of 27.87 MPa, 5.31 MPa and 3.01 MPa respectively. In terms of the 21 days average compressive strengths, the control (100%) had 29.60 MPa, the CS (100%) had 5.56 MPa and the PKS (100%) had 3.15 MPa. The average compressive strengths recorded at 28 days for the control (100%), CS (100%) and PKS (100%) were 30.55 MPa, 7.88 MPa and 6.85 MPa respectively. 
CONCLUSSION
The paper examined coconut shells (CS) and palm kernel shells (PKS) for concrete production. The compressive strengths of both CS and PKS were found to be lower than that of the control concrete. Compressive strength of CS concrete was higher than that of PKS. The workability of CS and PKS concrete was less than that of control. Water/cement ratio for compressive strengths of both CS and PKS should not be compromised during the design stage.
RECOMMENDATION
Coconut shells (CS) concrete with maximum 20% replacement can be used for accommodation with both single storey and two-story light weight structures. Consideration should also be given to non-load bearing purposes (mass concrete partition walls, concrete roof slab, ground floor slabs and concrete blocks). Both CS and PKS concrete can be used for concrete pavement walkway. However, CS concrete will be very good for concrete production.
